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1
RAPID EXCHANGE BALLOON CATHETER
WITH BRAIDED SHAFT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of, and claims the benefit
ofpriority under 35 USC §120 to, U.S. patent application Ser.
No. 11/069,423, filed on Feb. 28, 2005, which claims the
benefit of priority under 35 USC §119 to provisional appli-
cation Ser. No. 60/550,570 filed on Mar. 3, 2004, which
applications are incorporated in their entirety by express ref-
erence herein.

BACKGROUND

Rapid exchange balloon catheters are described in U.S.
Pat. Nos. 4,762,129 and 5,040,548 which are incorporated
herein by reference. These rapid exchange catheters include a
distal guidewire lumen which extends through the balloon
from a distal end of the balloon to a guidewire exit port
proximal of the balloon. In these and other known rapid
exchange balloon catheter systems the catheter shafts include
a proximal stiff catheter section extending along about 75%
of'the catheter length and a distal more flexible portion of the
catheter between the stiff section and the balloon. The portion
of' the catheter proximal of the balloon and distal to the stiffer
proximal catheter section should be simultaneously very flex-
ible to navigate the coronary arteries, have good column
strength to provide pushability, and have good kink resis-
tance. The proximal catheter section generally requires good
column strength and less flexibility.

Hypotubes or small metal tubes have been used for the
proximal sections of rapid exchange catheters due to their
excellent pushability and small wall thickness. Braided cath-
eters can also been used for improved kink resistance.

SUMMARY OF THE INVENTION

The present invention relates to rapid exchange balloon
catheter having a braid to provide pushability and kink resis-
tance while maintaining flexibility.

In accordance with one aspect of the invention, a balloon
catheter comprises a balloon segment having an expandable
balloon and a guidewire tube extending through the balloon,
the guidewire tube having a proximal port near a proximal end
of'the balloon and a distal port near a distal end of the balloon,
a shaft segment connected to a proximal end of the balloon
segment, the shaft segment including a polymer encased
braid with an inflation lumen extending from a proximal end
of the distal segment to the interior of the balloon segment,
and a hypotube located within a proximal portion of the shaft
segment.

In accordance with another aspect of the invention, a bal-
loon catheter comprises a balloon segment having an expand-
able balloon and a guidewire tube extending through the
balloon, the guidewire tube having a proximal port near a
proximal end of the balloon and a distal port near a distal end
of'theballoon, a shaft segment connected to a proximal end of
the balloon segment, the shaft segment including an inflation
lumen extending from a proximal end of the distal segment to
the interior of the balloon segment, and a flexible distal tip
extending distally of the balloon segment, the distal tip
formed of a material different from the balloon segment.

In accordance with a further aspect of the invention, a
balloon catheter comprises a balloon segment having an
expandable balloon and a guidewire tube extending through
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2

the balloon, the guidewire tube having a proximal port near a
proximal end of the balloon and a distal port near a distal end
of'the balloon, a shaft segment connected to a proximal end of
the balloon segment, the shaft segment comprising a polymer
encased braid with an inflation lumen extending from a proxi-
mal end of the distal segment to the interior of the balloon
segment, and a distal end of the braid cut at an angle with
respect to a longitudinal axis of the shaft segment, and a tip of
the angle cut braid extending distally at least to the proximal
port of the guidewire tube.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in greater detail with
reference to the preferred embodiments illustrated in the
accompanying drawings, in which like elements bear like
reference numerals, and wherein:

FIG. 1 is a side view of stent delivery system including a
stent, a rapid exchange balloon catheter, and a guidewire.

FIG. 2A is a cross sectional side view of a rapid exchange
balloon catheter.

FIG. 2B is a cross section of the catheter of FIG. 2A taken
along line B-B of FIG. 2A.

FIG. 3 is a side cross sectional view of a portion of one
embodiment of a rapid exchange catheter with a transition
sleeve interconnecting the shaft segment and the balloon seg-
ment of the catheter.

FIG. 4 is a side cross sectional view of a portion of one
embodiment of a rapid exchange catheter with an angle cut
distal end of a braided shaft segment.

FIG. 5A is a cross sectional side view of a rapid exchange
balloon catheter with a shaft segment having a combination of
braid and hypotube.

FIG. 5B is a cross section of the catheter of FIG. 5A taken
along line B-B of FIG. 5A.

FIG. 6 is a side cross sectional view of a portion of another
embodiment of a rapid exchange catheter with a braided shaft
perforated for a proximal guidewire exit port.

DETAILED DESCRIPTION

The stent delivery system 10 of FIG. 1 includes a stent 20
(shown schematically), a rapid exchange balloon catheter 30,
and a guidewire 40. FIG. 1 shows the catheter and balloon in
the expanded or inflated configuration. In the unexpanded or
delivery configuration, the balloon and stent will have a diam-
eter close to the diameter of the catheter shaft. As shown in
FIG. 1, the catheter 30 has a distal guidewire port 32 at a distal
end of the catheter and a proximal guidewire port 34 proximal
of the balloon. The catheter 30 is inserted into a patient over
the guidewire 40 by passing the guidewire into the distal port
32 of the catheter, through a guidewire lumen within the
balloon and out the side opening 34 of the catheter.

FIG. 2A is an enlarged cross sectional view of the rapid
exchange catheter 30 of FIG. 1. The catheter 30 includes a
balloon segment 50, a shaft segment 52, a luer hub 54 or other
filling for connection to a source of pressurized fluid for
inflation of the balloon, and a flexible distal tip segment 56.
The balloon segment 50 has an expandable balloon 58 and a
guidewire tube 60 extending through the balloon. The
guidewire tube 60 terminates at the proximal port 34 near a
proximal end of the balloon and distal of the distal end of the
balloon. The shaft segment 52 can be connected in multiple
variations to a proximal end of the balloon segment 50 and
varies in flexibility from a most flexible distal end to a stiffer
proximal end. The pushability of the proximal end of the shaft
segment 52 is more important than flexibility since this por-
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tion of the catheter will remain within a guide catheter along
apath from the femoral artery access site to the vicinity of the
heart along a path which is not particularly tortuous.

In the embodiment shown in FIG. 2A, the construction of
the catheter shaft (i.e. catheter material) changes at two points
to achieve the varying flexibility desired. However, the cath-
eter can also include more or less material changes. The
catheter also can employ diameter changes to achieve the
varying flexibility. The catheter shaft 52 includes a braid
which preferably extends substantially the entire length of the
catheter shaft. The pick count of the braid can be varied along
the length of the shaft 52 to achieve a desired variation in
flexibility. In addition, the braid may be replaced by a coil
having a constant or variable coil spacing.

The following example of a catheter shaft construction is
given by way of example and not limitation. The catheter
shaft 52 includes three segments moving from the proximal
end, the shaft segments are segment 52a, segment 525, and
segment 52¢. Segment 524 is formed of Grilamid or other stiff
material (e.g. Grilamid TR55) and has an outer diameter of
about 0.03 to about 0.055 inches, preferably about 0.04 to
about 0.05 inches and an inner diameter of about 0.015 to
about 0.030 inches, preferably about 0.02 inches. Segment
52b is formed of Pebax or other medium stiffness material
(e.g. Pebax 75D) and has an outer diameter of about 0.025 to
about 0.05 inches, preferably about 0.035 to about 0.05
inches and an inner diameter of about 0.015 to about 0.030
inches, preferably about 0.02 inches. Segment 55¢ is formed
of Pebax or other flexible material (e.g. Pebax 35D) and has
an outer diameter of about 0.02 to about 0.045 inches, pref-
erably about 0.03 to about 0.04 inches and an inner diameter
of about 0.015 to about 0.030 inches, preferably about 0.02
inches. Segment 524 generally has a length of about 90 to
about 100 cm, while segments 526 and 52¢ have lengths of
about 10 to about 20 cm. A length of the balloon 50 may be
varied depending on a length of a stent to be delivered with the
balloon.

The shaft segment 52 includes a polymer encased braid for
added pushability and kink resistance. In one preferred
embodiment, the braid extends along substantially the entire
length of the shaft segment 52 from the luer hub 54 to the
balloon segment 50. The braid may be formed by braiding any
number of wires, for example, about 8 to 20 wires can be used.
The wires can also be round, flat, or other shapes. In one
preferred embodiment, as illustrated in FIG. 2B, the wires are
rectangular flat wires 58, such as stainless steel or NiTi.

The braided shaft may be formed by forming a thin layer of
polymer material inner layer over a shaft, braiding the wires
over the polymer inner layer, placing the outer layers of the
three or more different polymer shaft materials over the braid
and thermally fusing the catheter to encase the braid in poly-
mer. The polymer inner layer 62 is shown in FIG. 2B.
Examples of the polymer inner layer include Teflon or Pebax
materials.

The balloon 58 can be formed from a tube of nylon or other
known balloon material by expanding the tube in a mold to
form the shape of the balloon. In the embodiment shown in
FIG. 2A, at least a portion of the proximal end of this tube
which is used for formation of the balloon is left on the
balloon for formation of the proximal guidewire port 34 and
a thermal bond to the braided shaft 52.

The catheter described herein has an optional flexible distal
tip 56 which provides improved delivery. A distal end of the
balloon 58 and the guidewire tube 60 are fused together and
are fused to a flexible material which forms the flexible distal
tip 56. The flexible distal tip has a length of at least about 0.2
inches and preferably about 0.3 inches. The flexible distal tip
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can be formed of a material which is more flexible than the
materials of the shaft and more flexible than the material of
the balloon. For example, the distal tip may be formed of
Pebax 35D. The flexible tip tapers to a smallest dimension at
its distal end. The flexible distal tip can alternatively be
formed from the balloon material, if the material is suffi-
ciently tapered to increase flexibility.

The advantages of forming a flexible distal tip include
improved tracking over a guidewire. During delivery of a
standard catheter without a flexible distal tip, the catheter can
tend to push the guidewire away from an initial guidewire
path due to the much higher stiffness of the catheter than the
guidewire. For example, the catheter could continue on a
straight path down a main artery rather than curving along the
guidewire in a branch artery which causes the guidewire to be
moved out of position. With the flexible distal tip, the catheter
stiffness at the distal tip is more closely matched to the
guidewire stiffness which causes the distal tip to more closely
follow the original path of the guidewire. The distal tip can
also help to dilate narrow lumens allowing improved access.

FIG. 3 illustrates an alternative embodiment of a catheter in
which the braided catheter shaft 52 is connected to the balloon
50 by asleeve 70. The sleeve 70 without braid is used to form
the bond between the balloon 50, the guidewire tube 60, and
the braided shaft 52. The sleeve 70 is a relatively short seg-
ment of about 0.3 inches or less, preferably about 0.1 inches.

FIG. 4 illustrates another embodiment of a catheter in
which a distal end 80 of the braided catheter shaft 52 is cut at
an angle other than ninety degrees with respect to the longi-
tudinal axis of the braded catheter shaft 52 and formed as a
slanted line 65 when viewed in a cross section. When viewed
in the cross section, the slanted line 65 includes an angle cut
distal end 80 and an angle cut proximal end 75. The angle cut
distal end 80 allows the braided catheter shaft 52 to be con-
tinued distally substantially to or past the proximal guidewire
opening 34 to provide kink resistance. The angle cut proximal
end 75 extends less distally toward the proximal guidewire
opening 34 than the angle cut distal end 80.

FIGS. SA and 5B illustrate an alternative embodiment of
the catheter in which the braided catheter shaft 52 is formed in
the manner described above with respect to FIG. 2A except
that the proximal most shaft segment 52a of FIG. 2A is
replaced with a shaft segment 524 in which the polymer and
braid are formed over an entire or a portion of a stainless steel
or other material hypotube 90. This design allows the use of a
hypotube which has substantially no longitudinal compres-
sion with the typical axial force used in a catheter procedure.
Thus, pushability can be increased. FIG. 5B illustrates the
cross section of the hypotube and surrounding polymer
encased braid 58.

The advantages of forming a polymer encased braid over
the hypotube 90 include the ability to securely attach the
braided catheter to the hypotube, the uniformity of construc-
tion and appearance of the finished catheter, and the elimina-
tion of the need for a transition member to prevent kinking at
the distal end of the hypotube.

FIG. 5A also illustrates an optional tapered section 92 just
distal of the hypotube which allows the use of a larger outer
diameter hypotube section 524 and a smaller outer diameter
on the braid only sections 525 and 52c.

FIG. 6 illustrates and alternative embodiment of the rapid
exchange catheter in which braided shaft distal end segment
52e is perforated near its distal end to form the proximal
guidewire opening. The inner guidewire tube 60 is then fused
directly to the braided shaft 52¢ and the balloon 58 is con-
nected directly to braided shaft. The perforating of the
braided shaft 52¢ allows the braid 58 to extend all the way to
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the balloon providing kink resistance along the entire shaft.
Any protruding ends of the braid 58 are encased with polymer
during formation of the bond between the balloon 58, the
guidewire tube 60, and the shaft 52e.

The drawings have illustrated the bonds between the dif-
ferent polymer materials used in the catheter as fused together
along a line. In most cases the bonds will be formed by
thermal welding and will actually appear as smooth transi-
tions in which the materials are mixed at the fused region.

Although the catheter of the present invention has been
described as a stent delivery system, the catheter may also be
used as a dilation catheter, drug delivery catheter, or other
catheter. In addition, the catheter described and shown herein
has a distal guidewire opening spaced from the balloon at a
distal end of the catheter and a proximal guidewire opening
relatively closer to the balloon than the distal opening. This
allows for a short exchange length improving exchange time.
Other exchange lengths may also be used with the invention
if desired.

While the invention has been described in detail with ref-
erence to the preferred embodiments thereof, it will be appar-
ent to one skilled in the art that various changes and modifi-
cations can be made and equivalents employed, without
departing from the present invention.

The invention claimed is:

1. A balloon catheter comprising:

a balloon segment having an expandable balloon and a

guidewire tube extending through the balloon, the
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guidewire tube having a proximal port near a proximal
end of the balloon and a distal port near a distal end of the
balloon, wherein the proximal port is located relatively
closer to the proximal end of the balloon than the distal
port;

a braided shaft segment connected to a proximal end of the
balloon by a sleeve, the braided shaft segment having an
inflation lumen extending from a proximal end of the
braided shaft segment to an interior of the balloon seg-
ment; and

a distal end of the braided shaft segment being cut at an
angle other than ninety degrees with respect to a longi-
tudinal axis of the braided shaft segment and formed as
a slanted line when viewed in a cross section,

wherein when viewed in the cross section, the slanged line
includes an angle cut distal end and an angle cut proxi-
mal end, and

wherein the angle cut distal end allows the braided shaft
segment to be continued distally to or past the proximal
port to provide kind resistance; the angle cut proximal
end extends less distally toward the proximal port of the
guidewire tube than the angle cut distal end.

2. The balloon catheter of claim 1, wherein a distal tip of the
cut end of the braid is positioned in the balloon catheter
opposite the proximal port of the guidewire tube.

#* #* #* #* #*



